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Objectives. This study evaluated our early experience with 
video-assisted thoracoscopic vascular ing division and compared 
this approach with division by means of a conventional open 
thoracotomy. 
Background. Video-assisted thoracoscopic techniques reduce 
surgical trauma and have been applied to several adult thoracic 
procedures; however, pediatric applications have been limited. We 
developed instruments and techniques for video.assisted thoraco- 
scopic vascular ing division in the pediatric population. 
Methods. We compared patient characteristics, operative re- 
sults and postoperative hospital courses of all patients undergo- 
ing vascular ing division by a video-assisted approach with a 
historical control group of all patients undergoing division by an 
open thoracotomy between January 1991 and December 1992. 
Results. Eight patients (median age 5 months, range 40 days to 
5.5 years; median weight 6.2 kg, range 1.8 to 17.1) underwent 
video-assisted thoracoscopic vascular ing division. Four had a 
double aortic arch with an atretic left arch and a left ligamentum, 
and four had a right aortic arch with aberrant left subclavian 
artery and a left ligamentum. All eight had successful ring 
division with symptomatic relief and no mortality. A limited 
thoracotomy was performed in three patients to divide patent 
vascular structures, and the hospital period was prolonged in one 
because of chyiothorax. These eight patients were compared with 
a historical cohort of eight pediatric patients having vascular ing 
division performed by a conventional thoracotomy. The two 
groups did not differ in age, weight, intensive care unit or 
postoperative hospital stay, duration of intubation or thoracos- 
tomy tube or hospital charges. Total operating room time was 
longer for the group undergoing video-assisted operation. 
Conclusions. Early results for video-assisted thoracoscopic 
vascular ring division are comparable tothose of the conventional 
surgical approach. With further refinement in technique and 
instrumentation, video-assisted surgical intervention may become 
a viable alternative to open thoracotomy for management of the 
symptomatic vascular ing. 
(J Am Coil Cardiol 1995;25:943-7) 
Over the past several years, a marked improvement in the 
precision and versatility of instruments available for video- 
assisted thoracic surgery, combined with continued miniatur- 
ization of video optics, has led to wider application of this 
surgical technique. In the adult population, video-assisted 
thoracoscopic surgery has been successfully applied to increas- 
ingly complex procedures (1-4). With the exception of isolated 
case reports (5), experience in the pediatric population has 
been largely confined to interruption of patent ductus arteri- 
osus (6,7). 
Since the first successful division of a double aortic arch by 
Gross in 1945 (8), the accepted operative approach to the 
symptomatic vascular ing has been an open surgical procedure 
through a posterolateral thoracotomy. Concerns about com- 
promised respiratory mechanics, postoperative pain syndromes 
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and chest wall deformity led us to consider a less traumatic 
approach to this lesion. We therefore report our experience 
with video-assisted thoracoscopic vascular ing division in eight 
patients with vascular ings caused by the two most common 
arch anomalies--double aortic arch and right aortic arch with 
a retroesophageal berrant left subclavian artery and left 
ligamentum arteriosus (9)--and compare their operative and 
postoperative characteristics with those in a historical cohort of 
patients undergoing open division by thoracotomy. 
Methods  
Patients. All patients who underwent a video-assisted vas- 
cular ring division at our institution are included in this report. 
The historical control group included all patients with a 
symptomatic vascular ing, not associated with complex con- 
genital intracardiac anomalies or primary myopathies, who had 
an open thoracotomy between January 1991 and December 
1992. Information for both groups was gathered by chart 
review and telephone interviews. 
Operative and postoperative characteristics. Total operat- 
ing room time was defined as the interval from entering to 
leaving the operating room. Hospital charges included all 
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Figure 1. Top, Thoracoscopic image of the left pleural apex. Vascular 
clips are visible on the ligamentum arteriosum before division. Bottom, 
Diagram of endoscopic image. A = anterior; l = inferior; P = 
posterior; S = superior. 
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Figure 2. Top, Thoracoscopic image of the divided ligamentum arte- 
riosum. The pulmonary, end of the ligamentum has retracted medially, 
decompressing theunderlying esophagus. Bottom, Diagram of endo- 
scopic image. Abbreviations a in Figure 1. 
hospital charges incurred from the time of operation until 
discharge, excluding surgical, anesthesia nd cardiology pro- 
fessional fees. Hospital stay encompassed the period from day 
of operation to day of discharge, inclusive. Follow-up informa- 
tion was obtained through telephone interviews. 
Statistical analysis. All results are reported as range and 
median value. Group comparisons are made using a two- 
sample Wilcoxon rank-sum test (statistical significance is de- 
fined as p < 0.05). 
Surgical technique. Under general anesthesia, with single- 
lumen endotracheal intubation, patients were placed in the 
right lateral decubitus position. Routine monitoring included 
serial arterial blood gas measurements, transcutaneous oxygen 
saturation and continuous end-tidal carbon dioxide. Four 
thoracostomies (3 mm in length) were made in the posterolat- 
,~ral chest wall to admit, from medial to lateral, a grasping 
forceps (Smith and Nephew, Dyonics), a lung retractor (Ad- 
vanced Surgical, Inc.), a 4-mm videoscope (Dyonics) and an 
L-shaped cautery probe (Dyonics). No chest wall muscles were 
cut, and the ribs were not retracted. Exposure was achieved by 
retracting the inflated left upper lobe inferomedially. The left 
subclavian artery, easily seen at the apex, guided the initial 
dissection. Using cautery dissection, the ring elements were 
dissected free from the underlying esophagus and surrounding 
structures (Fig. 1). Patients with double aortic arch, an atretic 
segment distal to the left subclavian artery and a left ligamen- 
turn arteriosus had both structures divided between vascular 
clips (Pilling Co.). Patients with right aortic arch and an 
aberrant left subclavian artery had the ligamentum divided, 
also between vascular clips (Fig. 2). Fibrous bands over the 
esophagus were divided, and a 12F thoracostomy tube was 
placed under direct vision. Wounds were closed with Steri- 
strips (3M). 
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Table 1. Characteristics of Eight Patients Undergoing Video-Assisted Vascular Ring Division 
Pt Age Weight 
No. (too) (kg) Symptoms Arch Anatomy 
1 1.3 1.8 Stridor/%yaline membrane disease 
2 3.5 3.8 Stridor/feeding difliculty/F'I~ 
3 3.6 4.9 Regurgitation/cough with feeds 
4 4.7 6 Stridor 
5 5.2 6.4 Noisy respiration 
6 7.8 7.2 RegurgitationjYT1 ~ 
7 30.6 17.1 Stridor with activity/emesis 
8 65.4 16.5 Dysphagia for solids 
DAA, atretic left arch proximal to LSCA, left ligamentum 
DAA, atretic left arch distal to LSCA, left ligamentum 
DAA, atretic left arch distal to LSCA, left ligamentum 
DAA, atretic left arch distal to LSCA 
RAA, aberrant LSCA, PDA from LSCA 
RAA, aberrant LSCA, left ligamentum 
RAA, aberrant LSCA, left ligamentum 
RAA, aberrant LSCA, left ligamentum 
DAA = double aortic arch; FTI" = failure to thrive; LSCA = left subclavian artery; PDA = patent ductus arteriosus; 
Pt = patient; RAA = right aortic arch. 
If a patent vessel required ivision (either a ductus arteri- 
osus or an anterior aortic arch), the posterior two thoracos- 
tomy incisions were connected to improve vascular access. To 
minimize chest wall trauma, the ribs were not spread. Proximal 
and distal control was achieved with conventional vascular 
clamps, and the patent structures were divided between suture 
ligatures. The remainder of the procedure was completed 
endoscopically. 
Resu l ts  
Patient characteristics. Video-assisted thoracoscopic vas- 
cular ring division was performed ineight patients (median age 
5 months, range 40 days to 5.5 years; median weight 6.2 kg, 
range 1.8 to 17.1) between April 1993 and February 1994 
(Table 1). Symptoms were primarily respiratory in five patients 
and related to feeding difficulties in the remaining three. 
With the exception of one patient all procedures were 
performed on an elective basis. The remaining patient (Patient 
1), a 6-week old former 27-week premature infant with under- 
lying hyaline membrane disease, required increasing ventilator 
support in the neonatal intensive care unit and was referred for 
urgent vascular ing division. 
Figure 3. Pulmonary flow/volume loops above the level of tracheal 
compression before (Pre-op) and after (Post-op) video-assisted thora- 
scopic vascular ing division in an 1,800-g 27-week premature infant. 
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Preoperative evaluation. All patients underwent preoper- 
ative echocardiography, and five of eight underwent magnetic 
resonance imaging before thoracoscopic vascular ing division. 
By echocardiography, the presence of a double aortic arch with 
an atretie left arch segment was inferred by identifying abnor- 
mal caudal tethering of the left subclavian artery. 
Correct arch anatomy was diagnosed preoperatively in 
seven of eight patients. In the remaining patient (Patient 1), 
magnetic resonance imaging was interpreted asshowing aright 
aortic arch with an anomalous left subclavian artery. The 
echocardiogram was interpreted as showing a double aortic 
arch with a short atretic segment distal to the left subclavian 
artery. Surgical inspection revealed the anatomy to be a double 
aortic arch with a hypoplastic but patent left arch. 
Operative course. Total operating room times ranged from 
155 to 275 min (median 243). Bronchoscopy was performed 
during general anesthesia in four of eight patients. The lowest 
recorded intraoperative transcutaneous oxygen saturations 
ranged from 88% to 100% (median 99%), and the highest 
end-tidal carbon dioxide values ranged from 28 to 45 mm Hg 
(median 39). 
Conversion to a limited thoracotomy was performed in three 
patients: in Patient 1 to safely divide a hypoplastic but patent left 
arch that was thought to be atretic by preoperative evaluation; in
Patient 2 to divide a ductus arteriosus that appeared patent by 
surgical inspection; and in Patient 5 to control bleeding from a 
small artery in the fat surrounding the ductus. 
Table 2. Comparison of Vascular Ring Division by Video-Assisted 
Thorascopic Surgery Versus Conventional Open Thoracotomy 
Video-Assisted 
Thorascopic Surgery Open Thoracotomy 
Age (too) 5.0 (1.3-65.4) 11.5 (3.3-52.2) 
Weight (kg) 6.8 (1.8-17.1) 9.9 (4.2-28.2) 
OR time (rain) 248 (155-275) 138 (110-180) 
Postop time (day) 4 (3-14) 4.5 (4-8) 
ICU (day) 2 (2-4) 2 (2-4) 
Narcotic (day) 3 (2-9) 3 (2-5) 
Charge $9,359 (5,974-28,763) $9,960 (7,650-16,568) 
Data presented are mean value (range). ICU = intensive care unit; OR = 
operating room; Postop = postoperative. 
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Postoperative course. Extubation was performed in three 
patients in the operating room, and four within 15 h of 
operation. Extubation was performed 3days after operation in 
one premature patient, previously ventilator dependent with 
underlying hyaline membrane disease (Fig. 3). Chest tubes 
were removed on the first postoperative day in six of eight 
patients. Patient 7 developed a chylothorax and underwent a
video-assisted lymphatic ligation on postoperative day 9. No 
patient received a blood transfusion during operation or 
before discharge. 
Group comparisons. Operative and postoperative charac- 
teristics for the seven patients undergoing elective video- 
assisted vascular ing division and a group of eight patients 
who underwent open division by a posterolateral thoracotomy 
are shown in Table 2. Total operating room times for video- 
assisted vascular ing division were longer than those for open 
thoracotomy. This discrepancy may have resulted in part from 
the additional time required for intraoperative bronchoscopy 
performed in four of the patients who underwent thoracos- 
copy. There was no difference between the two groups in age, 
weight, hospital or intensive care unit stay, narcotic require- 
ments, hospital charges, hours of intubation or thoracostomy 
tube duration. Two patients in the historical control group 
received blood transfusions during their hospital stay. 
Follow-up. Length of follow-up ranged from 1.5 to 9.5 
months (median 5.9). One patient (Patient 3) experienced 
immediate and complete resolution of dysphagia for solids 
after operation. Postoperative improvement in respiratory 
symptoms or feeding difficulties, or both, with continued slow 
resolution of residual symptoms over the follow-up period was 
seen in six patients. The remaining patient (Patient 5) demon- 
strated persistent inspiratory stridor and continued slow weight 
gain in the postoperative period. Elective bronchoscopy and 
magnetic resonance imaging in this patient demonstrated a 
residual noncircumferential tracheal compression just above 
the level of the carina, on the right lateral wall. All other 
patients have gained weight appropriately over the follow-up 
period. No patient has been hospitalized for recurrent respi- 
ratory or feeding difficulties. All incisions have healed well 
without significant scarring or complications. 
Discussion 
Using operative techniques developed for video-assisted 
interruption of the patent ductus arteriosus, we developed a
safe and effective approach for video-assisted vascular ing 
division. 
Proper chest wall and spine mechanics depend on a delicate 
balance of neural function, ligamentous support and muscular 
forces. By avoiding muscle division and rib spreading, video- 
assisted operation minimizes the risk of nerve injury (associ- 
ated with postthoracotomy pain syndromes [10]) and rupture 
of intercostal ligaments (associated with scoliosis [11]). In 
adults, video-assisted pulmonary wedge resection has been 
associated with improved early postoperative chest wall com- 
pliance and respiratory function compared with an open 
thoracotomy technique (12). Because postthoracotomy scolio- 
sis and shoulder muscle dysfunction may be more pronounced 
in the pediatric population, where rapid growth could exagger- 
ate thoracotomy-induced imbalances in chest wall mechanics, 
further investigation of thoracoscopic techniques in this pop- 
ulation seem warranted. 
Safe application of video-assisted thoracoscopic operation 
to vascular ing division requires reliable vascular control and 
rapid access to the thoracic cavity in the event of bleeding. 
Patient selection based on accurate preoperative echocardiog- 
raphy (13) or magnetic resonance imaging (14) is essential in 
identifying optimal candidates for a video-assisted vascular 
ring division. Currently, thoracoscopic surgery is applicable in 
patients with nonpatent ring segments (an atretic arch or a 
ligamentum arteriosus, or both), which comprise the majority 
of vascular ings (15). Despite extensive preoperative assess- 
ment with barium swallow, echocardiography and magnetic 
resonance imaging, we were unable to detect patent structures 
in two patients, who required limited thoracotomy tocomplete 
their operations. The patent structures were identified intra- 
operatively after dissection of the ring elements. These pa- 
tients may still benefit from a thoracoscopic approach because 
we avoided extended incisions and rib retraction without 
compromising surgical exposure or patient safety. The devel- 
opment of endoscopic vascular clamps will improve this tech- 
nique by allowing proximal and distal vascular control, poten- 
tially reducing the incidence of conversion to thoracotomy and 
extending the technique to patients with patent ring structures. 
Complete relief of vascular ing-related tracheoesophageal 
constriction requires division of the ligamentum or atretic arch 
segment, or both, as well as release of encircling fibrous bands. 
Abnormal spirometry, persistent respiratory symptoms and 
bronchial hyperreactivity with provocative testing have been 
demonstrated in a high proportion of patients followed up long 
term after vascular ring division by an open thoracotomy 
(16,17). Although the majority of our patients had at least 
partial resolution of symptoms immediately after operation, 
with continued improvement during the follow-up period, 
Patient 5 has had prolonged respiratory symptoms and slow 
growth. Careful attention to residual anatomic obstruction is
mandated in cases of persistent respiratory symptoms. Patients 
with prominent aortic diverticulae contributing to the posterior 
airway and esophageal compression (not seen in this series), 
who require resection of the diverticulum, should be ap- 
proached with a thoracotomy to improve vascular control. 
The rarity of these aortic arch anomalies denies us sufficient 
numbers to draw strong conclusions, and in the absence of 
concurrent control subjects, we cannot suggest that video- 
assisted thoracoscopic surgery is the preferred technique for 
vascular ing division. Using contemporary patients as a his- 
torical control, we showed that hospital and intensive care unit 
stay, ventilator time, narcotic requirement, hospital charges 
and morbidity are currently comparable between video- 
assisted operation and open thoracotomy. The potential ad- 
vantages of a thoracoscopic approach--reduced chest wall 
trauma, improved respiratory function and decreased hospital 
JACC Vol. 25, No. 4 BURKE ET AL. 947 
March 15, 1995:943-7 VIDEO-ASSISTED VASCULAR RING DIVISION 
stay--argue for further investigation and application of this 
minimally invasive technique. 
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